Results obtained with the in vitro Wilson-Wiseman method ((1954), J. Physiol. 123,116-125) and with an in vivo perfusion model are compared. The in vitro method suffers from insufficient oxygenation. Five plasma membrane enzymes, five cytosol and two lysosomal enzymes were estimated. The medium consisted of Ringer solution without and with 10 mmol/1 taurocholate. The greatest difference between both models is shown by the lysosomal enzymes, which are amply released in vitro but not in vivo. The in vitro to in vivo ratios of the release rates of cytosol enzymes vary from about 10 to less than one, suggesting deterioration by lysosomal cathepsins in certain cases. The removal of plasma membrane enzymes, particularly those that are characterized by superficial localization, is inhibited by hypoxia. This implies that the normal release of these enzymes, at least in part, is energy-dependent.
Introduction
In a previoüs paper (1) the release of enzymes froni intestinal mucosa in an in vivo experimental model was described. Segmental perfusion of proximal jejü-num of the rat was applied to study the liberation of enzymes from the mucosa cells under the influence of Ringer solution and bile salts. Besides plasma membrane enzymes cytosol enzymes were released in considerable quantities. In contrast, lysosomal and mitochondrial enzymes did not enter the perfusion medium, a finding that excludes a serious injury to the mucusa cells. Prior to these experiments an in vitro investigation was conducted using the well-known Wilson-Wiseman method. The results were strikingly different. The method has long been used for the study of the assimilation of food stüffs. Recently, however, it was convincingly demonstrated by Ugolev (2, 3) that in this model oxygenation is insufficient. Therefore, our results obtained with this method should be useful to demonstrate the effect of hypoxia on enzyme release from intestinal mucosa. In this communication the results of the in vitro method are presented in comparison with those of the in vivo model.
Material and Methods

Experimental modeis
Female white Wistar rats of an average weight of 200 g were used. They had been on a Standard diet but were fasted overnight prior to the experiment. The method of segmental perfusion in vivo has been described previously (1) . The Wilson-Wiseman method (4) was applied äs described by Suda & Ueda (5) . 30 cm of the proximal jejunum were removed and carefully everted. One end was ligated, the interior filled with 2-3 ml of Ringer solution and the other end attached to a narrow glass tube which was then lowered into a large tube filled with 55 ml of bath fluid at 37 °C. Carbogen gas (oxygen: carbon dioxide 95:5) was slowly circulated through two additional openings of the large tube. The bath fluid consisted of Ringer solution for warm-blooded animals (9.50 g NaCl, 0.10 g KC1, 0.20 g CaCl 2 , 0.15 g NaHCO 3 , and 1.00 g glucose per liter) without and with 10 mmol/1 sodium taurocholate. This bile salt at this concentration was clearly effective in the in vivo experiments in releasing brush border and cytosol enzymes. At intervals during incubation 2 ml samples of the bath fluid were removed, and replaced by Ringer solution. The dilution was corrected by calculation.
Enzyme and protein determinations
Five plasma membrane, five cytosol and two lysosomal enzymes (see tab. 1) and protein were determined äs described in the prev ious paper (1) . Inhibition of enzymes by 10 mmol/1 taurocholate was corrected by caicülation; activation was not corrected because it is negligible (alkaline phosphatase, a-l,4^glucosidase) or incalculable (enteropeptidase) (1) . For comparison, the released quantities of protein and enzymes were related to 20 cm of jejunal segment.
Results
The cumulative amounts of protein and enzymes released after different time intervals are given in täble 1. For better comparison, söme typical observations are represented in figure 1. In the in vitro investigations there are sigiiificant quantities of protein and enzymes in the medium at the beginning of the experiments. They are due to the unavoidable aiioxic and mechanical injury of the intestinal mucosa during the preparation of the everted sacs. These zero time valües might be subtracted from the values obtained after incübation. In öür opinion it is more usefül to consider the slopes of the curves which give an impression of the rates of enzyme release under the different experimental conditions. In vivo, aftef an initial lag phase a nearly linear increase can be seen. In vitro, however, the release rätes tend to decrease during the experiment. The plasma membrane enzymes, with the exception of alkaline phosphatase and alanine aminopeptidase, tend to smaller release rates in vitro than in vivo. This is true especially of enteropeptidase, büt the phenomenon is also seen, though to a lesser degree, (14) TC (13 (10) TC (7) Enteropeptidase (EC 3.4.21.9) in vivo Control (22) TC(24)* in vitrc Control (9) TC (9) (8) TC (7) Prolidase(EC 3.4. 13.9)
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By contrast, the cytosöl enzymes are released considerably faster in vitro than in vivo. This is valid for glycylgliycine dipeptidase, leucine aminopeptidase and prolidase. As for glycyl-L-leucine dipeptidase and prolinase, the release rates in vitro are inuch greater in the presence of Ringer solution alone than with Ringer and taurocholate in the medium.
The greatest differences are found for the lysosomal enzymes which were praetically absent in the medium in vivo, but could be demonstrated in considerable quantities in vitro, especially under the additional effect of bile sah. 
Discussion
Recently, it was demonstrated by Ugolev et al. (2, 3) that füll transport capacity in the Wilson-Wiseman method is only achieved if additional serosal oxygenation is provided. In this case, for instance, the active assiinilation of glucose is increased by 50%. Therefore, the original in vitro method inust be considered a hypoxia model, and hypoxia must be the main cause of the differences found between our in vivo and in vitro experiments.
It has long been accepted in clinical enzymology that deficient oxygen supply favours the release of cytosöl enzymes from the cells (6) . But it is interesting to note that in vitro glycyl-leucine dipeptidase ( fig. le) and prolinase are liberated to a considerably greater extent in the absence than in the presence of bile salt. This is inversely correlated with the behaviour of the lysosomal enzymes. It might be supposed, therefore, that some cytosol enzymes are partially destroyed or inactivated by the action of lysosomal cathepsins (7) which, like ß-glucuronidase ( fig. If) , are likely to be released to a much greater extent in the presence of bile salt.
Thus, enzymes such äs glycyl-leucine dipeptidase and prolinase should have two characteristic properties, (1) they are susceptible to proteolytic attack and (2) they can easily leave the cell across the lipid bilayer of the plasma membrane. Both properties may be explained by a marked surface hydrophobicity of the enzyme molecules (see also Lc. (8) ).
In contrast to the cytosol enzymes, the removal of the plasma membrane enzymes appears to require energy. The type of anchoring of these enzymes in the membrane seems to be relevant. Eriteropeptidase and a-l,4^glucosidase, which are readily released, are embedded superficially in the membrane whereas alkaline phosphatase etc. are tightly anchored through a large transmembrane domain (9, 10, 11) . One might speculate that the usual shedding of plasma membrane enzymes is caused by "peristaltic" movements of the microvilli which are actively induced by way of the cytoskeleton. Another difference is constituted by the flow of the medium in the in vivo experiments. Its absence might be another cause of the rapidly declining release rates of enteropeptidase and <x-l,4-glucosidase in vitro.
The lysosomal membranes are damaged by intracellular acidosis (12) . The appearance of lysosomal enzymes in the medium is clear evidence of serious cell damage (absent in the in vivo experiments). In general, the effects of hypoxia are enhanced by the presence of bile salt in the medium. It would be interesting to know if it aggravates the effects of hypoxia by penetrating the celis. Mitochondrial enzymes were not estimated in the present investigation. The general tendency towards decrease of rates of enzyme release in the in vitro epxeriments may be explaineä by declining synthesis due to hypoxia. The problem of de novo synthesis of enzymes during increased release by bile acid is under investigation in our laboratory. From a practical point of view enzymes are sensitive indices of cellular hypoxia. This is valid for (1) lysosomal enzymes which under hypoxic conditions appear in the medium, (2) cytosol enzymes some of which may be increased about tenfold in relation to fully oxygenated controls (prolidase, glycyl-L-leucine dipeptidase) in contrast to (3) brüsh border enzymes, especially if located superficially in the plasma membrane (enteropeptidase, a-l,4-glucosidase), whose shedding by the energy-deficient cells is impaired by hypoxia.
